A palaeomagnetic record of the geomagnetic secular variation during the last 2700yr has been obtained from four lake sediment cores from the Waginger See/Bavaria (12.8"E; 47.9"N) in the northern foreland of the Alps. A time-scale has been derived from pollen studies on one of the sediment cores. Investigations of susceptibility and intensity (NRM) have been used for stratigraphical intercore correlation. Throughout the period covered, the main swings of declination and inclination records repeat well between the cores. In general, the palaeomagnetic records obtained agree with palaeolimnological and archaeomagnetic results from other European sites.
INTRODUCTION
Several studies of the natural remanent magnetization (NRM) of lake sediment cores from about 10 European sites, and other sites elsewhere in the world, have shown this to be a useful tool for recording geomagnetic secular variation Creer, Tucholka & Barton 1983) . Most of these investigations cover the last 10000yr. In some cases they reach back to between 20000 and a maximum of 27 000 yr BP (Creer et al. 1986; Opdyke et al. 1972; Creer 1974) . This paper reports results from the Waginger See, extending back to about 2700 yr BP.
Geologists and geographers are primarily interested in using the palaeomagnetic method to date sediments and to determine variations in rates of deposition, or to attempt to deduce the sources of the sediment by comparing their basic magnetic properties with those of rocks exposed in marginal areas. As an aid to such investigations the purpose of this study is to construct a secular variation curve for the Bavarian lakes in order to date post-glacial sediments.
SITE DESCRIPTION, CORE COLLECTION A N D SAMPLING
The Waginger-Tachinger See is situated in the southeastern foreland of the upper Bavarian Alps in the western part of the Pleistocene Salzach-foreland glacier and lies in one of five ice-scoured channels at an altitude of 442 m. The basin floor consists of pre-Quaternary sediments (Molasse and Flysch) covered with ground moraine. Post-glacial sedimentation began about 14000-15000yr ago when the lake became free of ice. A map of the lake and associated drainage is shown in Fig. 1 .
Six cores were taken, four in the central basin of the Waginger See (WAG I-IV) in a water depth of 22-27111, one in a small side basin (WAG V, depth 13 m) and one in the basin of the Tachinger See (TA I, depth 16m).
However, due to the poor quality of the palaeomagnetic records of cores TA I and WAG V, only the cores WAG I-IV will be considered here. Core sites were chosen in flat areas of the central lake basins to avoid possible disturbances due to inflowing water, slumping events etc. as well as to increase the possibility of sampling continuous sedimentary sequences. Due to the firmness of the bottom sediments, the longest core (WAG III), was only 3.83m long.
The cores were collected in PVC tubes of 4cm diameter using a portable 'ZULLIG-Rammkolbenlot' (Comp. ZULLIG/Switzerland) which operates in the same manner as the better known KULLENBERG piston corer (Kullenberg 1947) . Under favourable circumstances (e.g. soft bottom sediments) cores up to 6 m length can be obtained with this equipment.
No absolute orientation of the cores was obtained. A fiducial line scribed on each core tube served as internal orientation reference for the declination values of the remanent magnetization. The inclination values refer to the axis of the corer. To minimize tilt of the corer axis during penetration the coring process was monitored by echographobservations. In addition, this provided further information on the morphological structure of the lake basins. In the The remaining sediment from each segment was sampled for sedimentological studies (carbonate and organic content and grain size).
MAGNETIC MEASUREMENTS
The NRM and CARM (natural and characteristic remanent magnetization) of the total of 763 individual specimens was measured on a 'DIGICO' spinner magnetometer. Initial magnetic susceptibility was measured on a low-frequency susceptibility bridge (Kappabridge, KLY-2). For each core, detailed step-by-step alternating field (AF) demagnetization was carried out on a maximum of eight pilot samples. Weak viscous components could be removed from all pilot samples in peak demagnetizing fields of 15-18 mT or less (Fig. 2) , so that all specimens were demagnetized correspondingly at 15 or 18mT. Thereafter the directions of the remanent magnetization were stable when subjected to AF-peakdemagnetizing fields up to 40mT or more. The NRM intensities of all samples were found to be in the range of 1.5-45.2 mA m-'. Median destructive fields are in the range 15-40 mT. The original CARM inclination and declination data are shown in Fig. 3 . The carriers of remanence were investigated by measuring the isothermal remanent magnetization (IRM) acquisition properties of sub-samples from core WAG I11 in high magnetic fields. Applied fields of nearly 150 mT were necessary to reach the saturation IRM of the sub-samples which is typical for magnetite or minerals of the titanomagnetite series (Collinson 1983 ).
SEDIMENT COMPOSITION
The sediment of all cores was composed of a light-to middle-greyish calcareous mud with carbonate content between 47 and 64 per cent (core means). Actual values were 30-55 per cent at the top of the cores, increasing to 70-90 per cent at the bottom.
The distribution of grain size was measured in core WAG I. The results show that the most important size fraction of laboratory the PVC tube was cut into sections of 2.5cm in length. Sub-samples were taken in plastic boxes of about 22mm diameter. Later, the plastic boxes were sealed to prevent oxidation and desiccation of the sediment after removal. The sampling of all cores was nearly continuous. all stratigraphic horizons is fine grained (diameter <63 pm). The intermediate size fraction (63-200 pm) is very low ( 4 0 per cent) which is typical for the sediment composition of central areas of lakes in this region. The organic content of all cores is very low (6-9 per cent core means). Only the uppermost 0-50cm of the cores reflect an increase of the organic content (calcareous sapropel) evidencing Man's influence on the eutrophication of the lake during the last few centuries. Due to the high water content of the top of the cores these zones have been affected most by the coring process, so that magnetic measurements were not possible for these parts of the cores.
In general, the sediment composition, particularly the high carbonate content, is typical for post-glacial sedimentation in lakes in the northern foreland of the Alps with a high autochthonous calcareous sedimentation. This is due to high bioproduction rates and thermal deliming during post-glacial times (Michler 1984) . Due to the non-characteristic distribution of the organic content and the high scatter of carbonate distribution, all attempts to correlate the stratigraphic horizons of the individual cores with these parameters were unsuccessful. Therefore detailed studies of the NRM intensities and initial susceptibilities were necessary for stratigraphical intercore correlation (Section 6).
POLLEN ANALYSES
Pollen analyses were utilized in an attempt to delineate age and sedimentation rates of the cores. These analyses were carried out by the Systematisches Geobotanisches Institut der Universitat Bern (Schweiz) by Dr M. Rosch.
A total of 31 (stratigraphic) sample horizons of core WAG I1 have been analysed. The pollen diagram obtained was zoned according to the regional biostratigraphy of the western part of Lake Constance, being controlled by nearly 100 radiocarbon dates (M. Rosch 1986, personal communication). In addition, a comparison of the results from core WAG I1 was made with those obtained from the Salzach and Chiemsee glacier region (Schmeidl 1972 (Schmeidl , 1977 . Furthermore, a pollen analytical study on one core from the neighbouring Abtsdorfer See (M. Rosch 1986, personal communication) showed similar pollen zones which could be connected with those from core WAG 11.
The pollen stratigraphy starts in the late Subboreal at about 2800 yr BP. A description of the pollen zones (PZ) is (Werner, Michler & Schult 1989) .
INTRALAKE CORE CORRELATION AND DATA TREATMENT
For stacking the directional data from a number of cores a reliable method of identifying equivalent horizons is necessary. Sedimentological parameters (e.g. carbonate and organic content, grain size, heavy metal content etc.), susceptibility and intensity measurements are convenient means of doing this. Because of the good repeatability of susceptibility measurements for the WAG I-IV cores, susceptibility logs were used as a basis for matching these cores. This (visible) matching could be controlled and improved by measurements of the intensity of magnetization (NRM) for all sub-samples (Figs 4 and 5) .
Therefore, depth-scales of each core were transposed to those of a lake master core (WAG 11) by using the correlatable horizons. An alignment or stretching of the depth-scales of the cores was necessary because of different sedimentation rates and/or compaction between the cores. In order to construct a lake master curve linear interpolation was performed separately on declination and inclination data of all cores so that corresponding stratigraphic intervals were obtained.
An initial comparison of the inclination and declination records for cores WAG I-IV showed similar patterns of variations for each core. Declination records were superimposed on different but systematic trends (Fig. 3) . These trends are caused by a twisting of the cores during penetration and could be removed by applying least-squares linear regressions for the CARM measurements of each core. The declination results were plotted by setting the mean declinations of the individual cores to zero so that the correlation of these directional data from all cores was possible. Because of differences between the mean inclinations of the individual cores (WAG I: 64.7'; 11: 59.2", 111: 65.3"; IV: 63.3"), inclinations were adjusted after the method of Creer et al. (1972) so as to make the average inclination of each core equal to that of the axial dipole field at the coring site using the formula
where tanZ,,. is the adjusted inclination, Z the measured inclination, the mean inclination of the whole core and L the geographic latitude at the coring site. The deviations of average inclination of the cores from the axial dipole value (65.7") are small in most cases. Because of the high scatter of the directional data it was necessary to apply a robust smoothing procedure to delineate trends in the secular variation more clearly. The procedure adopted here was to smooth the inclination and declination records independently by using weighted moving averages of order 5 with respective weights 1, 2, 3, 2 and 1. Subsequently, all data were interpolated to equal depth intervals and then stacked at each horizon in order to obtain a lake average curve (Fig. 6 ).
SECULAR VARIATION RESULTS
The results from Fig. 6 were transformed from depth to time-scale using the pollen ages (Fig. 7a) . Agreement of the results of all four records, in particular the inclinations, is fair and shows strong evidence that these sediments have preserved a record of the geomagnetic secular variation during the last 2700 yr. Inclinations show well-defined oscillations whereas declination records are affected by a greater scatter. A first comparison of the Waginger See records with those obtained from the nearest site in Lac de Joux (Switzerland; Creer et al. 1980) was not very instructive because of the low resolution of these records during the last 3000 yr due to low deposition rates. A more instructive picture is given by the comparison of the features of inclination and declination records of Waginger See ( Fig. 7a) with those established for Lac du Bouchet curves (Haute Loire/France; Creer et al. 1986 ). Table 2 shows that there is an agreement between the ages of individual maxima and minima identified as A, B , r Table 2 . Comparison of characteristic geomagnetic oscillarions of WAG I-IV records with those obtained from Lac du Bouchet and from archaeomagnetic data. Characteristic maxima and minima in inclination and declination labelled with Greek letters according to Creer et al. 1986 . Both time-scales for the lakes have been derived from pollen studies. The archaeomagnetic data for middleeastern Europe (MEE) are according to Marton (1986) and for southeastern Europe (SEE) according to Kovacheva (1980) . The ages of the UK curves (Thompson & Turner 1978; Turner & Thompson 1979) were derived by reference to archaeomagnetic or observatory data (ages in brackets from direct dating). and A for declination and a, j3, y and 6 for inclination (with deviations of 50-200yr between the two lakes). A comparison with archaeomagnetic data for Europe (Fig. 7b , Table 2 ) with Waginger See records shows that these sequences agree. Amplitudes and main swings for both, declinations and inclinations, are similar in shape and size. However there is a time lag of about 250yr between archaeomagnetic and limnomagnetic data. This rejuvenescence of the limnomagnetic ages may be caused by the orientation process of magnetic grains during the aquisition of PDRM, as described by Tucker (1980) . Age differences of that order between curves dated by reference to archaeomagnetic data and direct dated sediments have been noticed previously (Creer et af. 1986 ). In general, we are able to determine, that for a period of nearly 3000yr the main swings of secular variations are similar in type to those obtained from other European sites.
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